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[57] ABSTRACT 

Electron-beam projection-exposure apparatus are disclosed 
that allow a mask pattern to be transferred to a sensitized 
substrate without defects. An apparatus includes an electron- 
beam scanner, housed in a vacuum chamber, that scans an 
electron beam over the mask. As the mask is scanned, an 
eraitted-electron detector senses electrons emitted from the 
mask at a point of contamination. The^cofltamiiuliiULisihcn 
rftr gpved frn m the mask by a mask-cleaning system, after 
which the mask is used for exposing a sensitized substrate. 
The scanner as well as the ma:i-cleaning system are housed 
in the same vacuum chamber where projection-exposure of 
the substrate are performed. Thus, the mask is not exposed 
to the external envirorunent during inspection, cleaning, and 
projection-exposure, and inspection, cleaning and 
projection-exposure of the mask are performed more rapidly 
than conventionally. JThe- maskrcleaning s ystem , -whictK can 
utilize-alaser:beam:or;a:locally.delivered:reactive:gas^ciea§^ 
the:mask:at :only:the:points:of contaminationr-rather-than.the- 
entirermask. Thus, cleaning time is shortened. 

38 Claims, 3 Drawing Sheets 
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ELECTRON-BEAM An electron-be am-projeclion-exposure apparatus accord- 

PROJECTION-EXPOSURE APPARATUS ing to a preferred embodiment of the invention comprises an 

WITH INTEGRATED MASK INSPECTION electron-beam illumination device, a scanner, and an 

AND CLEANING PORTIONS emitted-electron detector. The electron-beam illumination 

5 device is situated so as to illuminate an electron beam onto 

FIELD OF I HE INVENTION ^ mask. The scanner is situated so as to scan the electron 

This invention pertains to electron-beam-projection- ^^^^ ^ver the mask. The "emitted-electron detector" is 

exposure apparatus ased for transferring a mask pattern situated so as to detect electrons (such as backscattered 

formed on a mask to a sensitized substrate, and more electrons, and/or secondary electrons, etc.) that are emitted 

particularly pertains to such systems that can detect and ^om the mask as the mask is illuminated by the electron 

remove contamination from the mask. beam. 

The apparatus can further comprise a mask-cleaning 
BACKGROUND OF THE INVENTION system for removing the contamination detected by the 
Electron -beam -projection-exposure apparatus use an emitted-electron detector. The mask-cleaning system pref- 
electron beam to transfer a mask image onto a sensitized drably cleans the mask only at detected points of contami- 
wafer or other substrate. Such apparatus are important in the nation. To such end, the mask-cleaning system can corn- 
manufacture of electronic devices, particularly integrated prises a.pulseJaser.thaUrradiat^^ 

circuits and displays ofxQntamination:on-the,mask. The laser can be connected to 

Electron-beam-projection-exposure apparatus are ^controlled by a kiiT^ntroller which controUably 

extremely .sensitive=to^contaminantsF such:, as -^particles, '° ^ ^^^^ P"^^. ^ sP^cific location 

metallicrionsrchemicalsrand-bacteria-Many ofTh^i^- ."^f^ "^^'f^^^ contammant was detected, 

taminants can be deposited on the wafer or mask during Alternatively the mask-cleanmg system can comprise a 

fabrication and can ultimately cause the failure of integrated ^^^^f"* for directing an ^^ui^^^^^^^^^sjrom a 

circuits that are subsequently produced. Fabrication plants „ ^^PP^y P°^°^ of contamination on , the mask. Dis- 

lake extensive precautions to ensure that levels of contami- charge.of.the.gas.can^be^regulyed^y^^^ 

nants in the fabrication area are reduced. For example, ^ncUooyMMP^^ 

adhesive floor mats are used to strip particles from workers' The apparatus is preferably housed in a single vacuum 

shoes, the workers wear special contamination-preventing chamber. The vacuum chamber preferably comprises an 

clothing, and air showers are used to blow contaminants off electron-beam-exposure portion in which the mask pattern is 

of the clothing before the workers enter the fabrication area. transferred onto a sensitized substrate using an electron 

Nevertheless, certain levels of contaminants remain in the t>eam, and a cleaning portion in which contamination is 

fabrication area. removed from the mask. Thus, the electron-beam-exposure 

Inspection devices have been developed for detecting P^^tio" preferably houses the electron-beam illumination 
such contaminants adhered to a mask. If the inspection 35 ^he scanner, and the emitted-electron detector, 
device detects contamination, the mask is transferred to a The apparatus can also comprise a movable mask stage 
contaminant-cleaning device. After the mask is cleaned, it for supporting the mask, and a stage driver for moving the 
can be returned to the electron-beam-projection-exposure mask stage between the clectron-beam-exposure portion and 
apparatus for exposing sensitized wafers. Conventionally, the cleaning portion of the vacuum chamber, 
the inspection device, cleaning device, and the electron- 40 The apparatus preferably comprises a contamination- 
beam -projection-exposure apparatus are all independent inspection-data analysis system ("analyzer") connected to 
from each other so that the mask must be exposed to an the emitted-electron detector. When a contaminant is 
external environment as the mask is moved from one device detected at a location on the mask by the 5mitted-electron 
to the next. Consequently, even though the inspection device detector, the' analyzer determines tie coordinates of the 
detects contamination, new contamination can become 45 location. The coordinates can be stored in a memory for later 
attached to the mask after the mask is moved to the cleaning recall, such as by a laser controller, 
device. After the mask is cleaned, still more contamination According to another aspect of the invention, methods are 
can become attached to the mask en route to the projection- provided for removing contamination from a mask, and for 
exposure apparatus. Tr ansferring the mask between inde- ^ transferring the mask pattern onto a sensitized substrate after 
pendent inspection, cleaning, and proiection-exTX)sure appa-^ 50 the contamination is removed from the mask. In a preferred 
ratus also causes long delays, thereby further increasing the embodiment of the method, an electron beam is projected 
possibility of cppUminante adhering tn the mask. 0^0 the m ask when the mask is at a tirst positi on. Electrons 

Recently developed inspection devices may cause even of tile Ueubi that are emitted from the mask at a point of 
further delays. For example, mask patterns used to generate contamination on the mask are detected. Positional coordi- 
submicron line widths require an inspection device with 55 nates of the point of contamination on the mask are deter- 
high resolution, such as a scanning electron microscope. mined (and can be stored in a memory), based on the 
Such high-resolution devices require inspection in a detected emitted electrons. The ma^[; is thpn cleaned at ^^ ]e 
vacuum, which further slows the process and increases the point of contamination. After cleaning the mask, the mask is 
likelihood of contamination. ill^in^jppi r.d with an elcctronbca^ tn pr f^ ^ctiqn-tr'ansf^ r the 
, * r^,, .*r, rr.v™^vT 60 mftsk pattcm ottto a sensitized substrate. Cleaning the mask 
SUMMARY OF THE INVENTION can be performed by WOXIng the mask to a second position. 

In view of the shortcomings discussed above, an object of at which the positional coordinates, preferably recalled from 
this invention is to provide an^e^ectron-beam-prQjectiQn-^/^^ the memory, are used to direct localized cleaning of the 
exposure apparatus that can quickly Rcaji^ ^ "ia5^K fa'i^^ mask. Thejocalizcd-cleaning-can-be^pe rformed^b v-con-^^ 

contamination, remove the contamination, and subsequently 65 trqUed^xposure-of-therlocation^torarlasetp^l^^^ 

projec t and expose the mask pattern onto a sensitized tdu a'KrF excimer laser), orjo,^ti_a mount,o f,a reactive^ as^e;gr^ 
subs trate with littlcor no exposure aetect s^ " ^7 rj^^)-disjghargcd^tahe_locado 
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By performing contaminant detection, mask cleaning, and cause the constricted electron beam to scan the mask 4. The 

projection-exposure in a single chamber, the mask is not emitted -electron detector 5 (preferably a back-scattered 

exposed to an external environment b etween inspectin; ;^^ electron detector) detects electrons that are emitted (e.g., 

cleaninfT , and prj)jection-exposur e. Also, inspection, backscalte red) from the mask 4 as a result of the mask being 

cleaning, and projection-exposure arc completed much 5 illuminated by the electron beam. The mask stage 6 is 

faster than with conventional apparatus and methods. Also, movable between the electron-beam-exposure portion PI 

because the mask is cleaned only at locations where con- ^nd the cleaning portion P2 and is used to movably support 

tamination is present, rather than the entire mask, mask- ^he mask 4. The projection lens 7 focuses the electron beam 

cleaning time is substantially reduced. ^f^^^ ^he beam passes through die mask 4 to image the mask 

^ ^ . , . .. n . , ^« pattern on the wafer 8. The wafer stage 9 supports the wafer 

The foregoing and other objects, features, and advantages ^ 

of the invention will become more apparent from the fol- * • * -f * ■ ^ • * r * 

... r r J u J- * L- u An mterferometnc-measunng-device (interferometer) 
lowing detailed description of preferred embodiments which . '■'«'^?^*rSF^r=^=^^=riS^^^ tu ■ * e 

A c ^ • J • 10 IS coupled to an mterferomctcr head xva . The interfer- 

proceeds with reference to the accompanying drawings. , j** c' 7 u n i 

r r .7 & to" ometer 10 and interferometer head lOa collectively measure 

BRIEF DESCRIPTION OF THE DRAWINGS is position of the mask stage 6. A stage driver U actuates 

the mask stage 6 so that the stage can be moved between the 

FIG. 1 is an elevational, schematic view of an electron- electron-beam-exposure portion PI and the cleaning portion 

beam-projection-exposure apparatus including an electron- P2 of the vacuum chamber C. An exposure controller 12 is 

beam-exposure portion and a cleaning portion according to coupled to the e-beam generator 1 and controls the 

one embodiment of the invention. projection -exposure of the wafer 8. A contamination- 

FIG. 2(a) shows an electron-beam- zoom -illumination inspection-data-analyzer ("analyzer") 14 is coupled to the 

system used in the FIG. 1 embodiment and configured to emitted-electron detector 5 and are collectively used for 

transfer a mask pattern onto a sensitized substrate. detecting contamination. 

FIG. 2(6) shows the electron-beam-zoom-illumination The cleaning portion P2 ho uses a^^gJ^lluMnation^ 

system of HG. 2(a) configured to scan the mask pattern for is ^^RlTjand a mirror 18. 4^1j§eirJ,5jpreferably a KrF 

contamination. excimer laser) is located adjacent to the cleaning portion P2, 

FIG. 3 is a detailed schematic view of the electron-beam- ^ ^P^-^ng u*"^ ^ 

exposure portion of the FIG.-l apparatus. ^"'^ " ^ P*^ "^^""""^ P°"'°° ^ ^•"1^ 

_ _, . . , . , , . . , , , - providing an airtight seal to prevent the external atmosphere 
no. 4 IS an elevational. schematic view of the cleamng ^^^^^j^ ^^^^^ ^^^^^^ ^ j^^^ iUumination 

portion of the FlG.-l apparatus. ^^^j^^ ^^^^ ^-^^^ ^ condense laser light 

FIG. 5 is an elevational, schematic view of a cleamng fj-om the laser 15 and to bend the light so that the light 

portion according to a second embodiment of the invention. projects onto the mask 4 whenever the mask is positioned for 

DETAILED DESCRIPTION OF THE cleaning. A_Bat cr ifapor vacaol 19 cu p p li cS-water vaporj fl 

/ PREFERRED EMBODIMENTS ^ ^ cleansfeptjon P2. An exhaust system 20 removes gas 

I from inside the chamber C. A laser controller 21 controls the 

IFIG. 1 shows an electron-beam-exposure apparatus operation of the laser 15 during laser cleaning. A memory 22 

according to a preferred embodiment of the present jnven- ^ is coupled to' the laser controller 21 and' stores information 

tion. The electron-beam-exposure apparatus is housed t^jj regardingthelocationof contamination as determined by the 

within a^_maiufl9*6h amber C th^t comprises an electron- 4q analyzer 14. 

beamexposure portion PI and a cleaning portion P2. The pjGS. 2(a) and 2(b) show additional details of the illu- 

portions PI and P2 are separated by a gate valve GV or mination system 2. The illumination system 2 comprises 

analogous apphance. With the gate valve GV.in an open multiple electron lenses 201, 202, 203. During a 

position, the portions PI and P2 form a single chamber, and contamination-inspection mode, a diaphragm 204 is inserted 

with the gate valve in a closed position, the portions PI and 45 between the lenses 201 and 202 (FIG. 2(b)), The diaphragm 

P2 are isolated from each other The electron-beam- defines multiple apertures of different sizes extending there - 

exposure portion PI is used for detecting contarhination and through. The appropriate aperture can be selected through 

for transferring a mask pattern onto a sensitized substrate. which the electron beam is^passed to regulate the intensity 

The cleaning portion P2 is used for cleaniiig contamination of the electron beam during the contamination inspection, 

from a mask, as further described below^ 5Q By controlling the electrical energy supplied to the lenses 

The electron-beam-exposure portion PI houses the fol- 202 and 203, the electron beam passing through the selected 
lowing components: an electron-beam-generation device aperture of the diaphragm 204 is converged to the necessary 
("e-beam generator") 1, an electron-beam-zoom- diameter on the mask 4. Preferably, the electron beam is 
illumination system ("illumination system") 2, a deflector 3| converged to a diameter that is no more than one-quarter of 
a mask 4 (preferably a stencil mask), an emitted-electron 55 the width of the mask pattern formed on the mask 4, Such 
detector 5 (preferably a back-scattered electron detector), a a width allows detection of ontaminant particles having 
maskstage6, a projection lens 7, a wafer 8 (or other suitable small diameter. After completion of contamination- 
substrate), and a wafer stage 9. The e-beam generator 1 inspection, the diaphragm 204 is retracted for the projection - 
comprises an electron gun that produces an electron beam exposure mode, as shown n FIG. 2(a). 
for detecting contamination in a contamination -inspection 50 FIG. 3 shows the components within the exposure portion 
mode and for transferring the pattern defined by the mask 4 pi during the co ntamination -inspection mo de. Although not 
onto the wafer 8 in a projection-exposure mode. ^ shown in FIG. 3, the wafer 8 is coated with an electron- 

The illumination system 2 and the deflector 3 define a sensitive resist and is placed on the wafer stage 9 for 

"scanner" for detecting contamination. Specifically, the illu- inspection and subsequent exposure. D uring inspection, the 

mination system 2 focuses the electron beam emitted from 65 electron beam is blocked so that it does riot propagate to the 

the c-bcam generator 1 to a required angle. The deflector 3 wafer 8. During inspection, the deflector 3 is used to scan the 

is used in conjunction with the illumination system -2 to electron beam over only the region of the mask 4 that is used 
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during Ihe projection-exposure mode. The emilled-electron ozone-cleaning controller 21A controls the opening and 

detector 5 detects electrons that are emitted (e.g., back- closi ng of the hiqh-specd valve 33. A meiiiorV liA Sl&i^tifi 

scattered) from the mask 4 and generates a corresponding data m a manner similar to mat ot ine memory 22 of FIG. 

output electrical signal that is analyzed by the analyzer 14. 1. 

The analyzer 14 compares the output signal of the emitted- 5 Contamination inspection is performed by first placing the 

electron detector 5' with data stored in the memory 22 mask 4 inside the electron-beam-exposure portion PIA. If 

concerning the mask pattern to determine whether contami- mask contamination is detected during contamination 

nation is present on the mask 4. If contamination is detected inspection, the gate valve GV opens and the mask stage 6 

on the mask 4, the position coordinates of that contamination moves the mask 4 to the ozone-cleaning portion P2A . The 

are calculated and stored in the memory 22. gate valve GV then closes and the mask stage 6 is aligned 

FIG. 4 shows the cleaning portion of the vacuum chamber such that the detected coordinates of the contamination are 

C in greater detail. If contamination is detected on the mask aligned with the insertion tube 32. Next, the high-speed 

4, the g ate valve GV opens- an d the^ pressure inside the v^ve 33 opens for a moment to discharg e the ozone onto the 

clectron-'Eeam-exposure portion PI decreases due to the desired location on the mask corresponding to the coordi- 

removal of gas from the cleaning portion P2. The mask stage . . ^^^^^ so as to remove the contamination therefrom. After all 

6 is driven by the stage driver 11 to rnove the mask 4 into ^"^^ contamination is removed, the exhaust portion 20A 

the cleaning portion P2. Because the mask 4 moves to the removes the ozone gas from the cleaning portion P2A. The 

cleaning portion P2 without contacting the environment g^^e valve GV then opens and the mask 4 is transferred to 
outside the vacuum chamber, new contamination is pre- electron-beam-exposure portion PIA. Subsequently, 

vented from adhering to the mask after inspectionfAfter 20 ProjectK)n-exposure of the wafer 8 is performed as described 

transporting the mask 4 into the cleaning portion P2, the gate 2X ^" embodiment. 

valve GV closes and w^ter vapor (e.g.. 20 Torr^ enters th e iZ The second embodiment provides an advantage over the 

cleaping p orti6n P2 from the water-vapor vessel 19 . Thejt'i first embodimenlm that water vapor^ 

ma3lislhen"aligned according to the coordinates (stored embodimenj. alsoTpe nnits, cle aning a jwide arca^outsidejhe 

in the memory 22) at which the contamination is adhering to 25 «3ordin'at'es_at jwhich.contamination^AA^fo^ 

the mask 4. The position of the mask stage 6 is adjusted as ^zone is thc preferred reactive gas foTuse in the cle aning] j 

required according to the recalled coordinates such that laser typ crationra-plasma suSFas oxygen plasma can altem atively^ 

light (e.g.. 0.1 J/cm^ from the faser 15 irradiat es the mask be u^d^^,^; ^ *^ 

4 at the desired coordinates. The incident laser light removes The invention as exemplified by the above-described 

the contamination from the locations on the mask corre- 3Q embodiments allows contamination inspection, cleaning, 

spending to the recalled coordinates. The cleaning time is and projection and ej^posure of the mask 4 to occur inside a 

short because the laser light only cleans at the locations at single vacuum chamber C. Consequently, exposure of the 

which contamination was detected. When contamination is mask to contamination is prevented during inspection, 

present at a plurality of locations, further positional adjust- cleaning, and exposure of the mask. Additionally, 

ments of the mask stage 6 are performed as required^ to 35 inspection, cleaning, and exposure are completed much 

present new locations for irradiation by the laser light. faster than in conventional apparatus since all these opera- 

After all r nntaminatinn of sfenqil mask 4 \fi tions are performed in a single chamber. Further, the time 

removed, the water vapor of the cleaning pnrtinn P2 is required for cleaning is shortened because the mask is 

d ischarged bv exhaust system 20 . The gate valve GV then cleaned only at locations where contamination is present, 
opens and the mask stage 6 is moved back into the electron- 40 Although the first embodiment comprises the cleaning 

beam-exposure portion PI. Notably, the mask 4 returns to portion P2 separate from (he electron-beam-exposure por- 

the electron-bcam-cxposure portion PI without making con- tion PI, it will be understood that the mask 4 can be cleaned 

tact with the external environment m that the mask is not within the electron-beam-exposure portion PI at the same 

exposed to new contamination. £to prepare for the position that contamination-inspection occurs. For example, 

projection -exposure mode, the diaphragm 204 (FIG. 2(6)) is 45 laser light used for cleaning can be irradiated at substantially 

retracted from the electron beam. Additionally, the illumi- the same axis as the axis of the electron beam used for 

nation lenses 201; 202, 203 are adjusted so that the mask projection-exposure. Such irradiation can be performed after ^ 

pattern can be accurately projected onto the wafer 8.^ o r durin p, the rnntaminatinn inspec tion. 

If no contamination is detected during the contamination- Although a KrF excimer lascjj s preferably used in the 

inspection mode, the diaphragm 204 is retracted from the 50 first embodiment to clean the mask, a different type of pulse 

electron beam and the illumination lenses 201, 202, 203 are laser, such as another type of excimer laser, a CQ^ laser , or 

adjusted as required to perform the projection-exposure of a YAG laser c an be used. 

the wafer as described above. Again, the mask 4 makes no FurlhermoTe, during contamination-inspection of the 

contact with the external environment between inspection mask 4, inspection is not limited to finding defects caused by 

and projection-exposure. ' 55 adhesion of contaminant particles. The inspection can be 

FIG. 5 shows a second embodiment according to the directed to finding defects such as surficial damage to the 

invention. The primary difference between the first and mask 4. 

second embodiments is that nynn^ fias^ is instead p f Having illustrated and demonstrated the principles of the 

l ascrJight tq clcan the mask 4^ In FIG. 5, a chamber CA invention in several embodiments, it should be apparent to 

comprises an^eleclron-beam-exposure portion PIA and an 60 those skilled in the art that these embodiments can be 

ozone-cleaning portion P2A, Agate valve GV separates the y modified in arrangement and detail without departing from 
portions PIA and P2A. An ozone tank 31 supplies ozone (pl^such principles. I claim as the invention all that comes 

used for cleaning contamination from the mask 4, An within the scope of these claims, 
insertion tube or conduit 32 conducts the ozone from the What is claimed is: 

tank 31 to the mask 4. A high-speed valve 33 inserted in the 65 1. In an electron-beam-exposure apparatus for projecting 

tube 32 co ntrols dischar ge of the ozone. Ah exhaust portion W a mask pattern onto a sensitized substrate, a mask-inspection 

20A removes gas from^nside the cleaning portion P2A. An w system comprising: 
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(a) an eleclron-beam -generation device situated so as to 
illuminate an electron beam onto a mask; 

(b) an emitted -electron detector situated so as to delect 
electrons of the electron beam emitted from the mask at 
a point of contamination on the mask; and 

(c) wherein the electron-beam-generation device is used 
for both detecting contamination on the mask and 
projecting a mask pattern onto a sensitized substrate, 

2. The electron-beam-exposure apparatus of claim 1, 
further comprising a mask-cleaning system for removing the 
contamination detected by the emitted -electron detector, 

3. The electron-beam-exposure apparatus of claim 2, 
wherein the mask-cleaning system cleans the mask only at 
detected points of contamination. 

4. The electron-beam-exposure apparatus of claim 2, 
wherein the mask-cleaning system comprises a pulse laser 
that irradiates a pulse laser beam at points of contamination 
on the mask to clean the contamination from the mask at said 
points. 

5. The electron-beam-exposure apparatus of claim 2, 
wherein the mask<leaning system comprises a supply of 
reactive gas from which an amount of the reactive gas is 
controllably discharged at points of contamination to clean 
the contamination from the mask at said points. 

6. The electron-beam-exposure apparatus of claim 1, 
further comprising a vacuum chamber comprising an 
electron-beam-exposure portion in which the mask pattern is 
transferred onto a sensitized substrate, and a cleaning por- 
tion in which contamination is removed from the mask. 

7. The electron-beam-exposure apparatus of claim 6, 
wherein the electron-beam-exposure portion encloses the 
electron-beam -generation device, the scanner, and the 
emitted-electron detector. 

8. The electron-beam-exposure apparatus of claim 1, 
wherein the scanner comprises multiple lenses and a dia- 
phragm defining an aperture therethrough, the aperture serv- 
ing to regulate the intensity of the electron beam passing 
through the apermre when the electron beam is used to 
inspect the mask for contamination. 

9. The electron-beam-exposure apparatus of claim 8, 
wherein the electron beam has a predetermined width and 
the aperture has a diameter of no more than one-fourth the 
width of the electron beam. 

10. The electron-beam-exposure apparatus of claim 1, 
further comprising: 

a vacuum chamber comprising an electron-beam portion 
and a cleaning portion, the electron-beam portion 
enclosing the electron-beam -generation device, the 
scanner, and the emitted-electron detector; 
a movable mask stage for supporting the mask; and 
a stage-driver for moving the mask stage between the 
electron-beam and cleaning portions of the vacuum 
chamber. 

11. The electron-beam -exposure apparatus of claim 1, 
further comprising a contamination-inspection-data-analysis 
system connected to the emitted-electron detector for deter- 
mining coordinates of each detected point of contamination 
of the mask. 

12. llie eleclron-beam-exposure apparatus of claim 11, 
further comprising: 

a laser-cleaning controller connected to the 
contamination-inspection-data-analysis portion; and 

an excimer laser connected to and responsive to the 
laser-cleaning controller for irradiating laser light onto 
the mask at delected points of contamination as deter- 
mined by the contamination-inspection-data-analysis 
portion. 
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13. The electron-beam-exposure apparatus of claim 1, 
further comprising: 

a wafer stage for supporting a sensitized substrate; and 
a projection lens that focuses the electron beam after the 
^ electron beam has passed through the mask for pro- 
jecting the mask pattern onto a sensitized substrate. 

14. A method for removing contamination from a mask 
having a defined mask pattern and for transferring the mask 
pattern onto a sensitized substrate after the contamination is 
removed, the method comprising the steps: 

(a) at a first position of the mask, projecting an electron 
beam onto the mask using an electron beam source; 

(b) detecting electrons of the electron beam that are 
emitted from a point of contamination on the mask; 

(c) determining positional coordinates of the point of 
contamination on the mask based on the detected 
emitted electrons 

(d) cleaning the mask at the point of contamination; and 
20 (e) after cleaning the mask, illuminating an electron beam 

onto the mask using the same electron beam source to 
projection-transfer the mask pattern onto a sensitized 
substrate. 

15. The method of claim 14, further comprising the step 
25 of recording the positional coordinates in a memory. 

16. The method of claim 14, wherein step (d) further 
comprises: 

moving the mask to a second position for cleaning the 
mask; 

30 recalling the positional coordinates of the point of con- 
lamination from the memory; and 
aligning the mask according to the recalled positional 
coordinates so that the point of contamination can be 
exposed to a cleaning agent to remove the contamina- 

35 lion from the point of contamination. 

17. The method of claim 16, wherein the cleaning agent 
is light is from an excimer laser. 

18. The method of claim 16, wherein the cleaning agent 
is ozone gas. 

^0 19. The method of claim 14, wherein: 

the electron beam is projected through multiple lenses, 
and 

step (b) comprises regulating the intensity of the electron 
beam by passing the electron beam through an aperture 
defined by a diaphragm, 

20. The method of claim 14, wherein step (c) comprises 
comparing an output of the emitted-electron detector to a 
stored pattern to fmd discrepancies between the output and 
the stored pattern. 

21. An electron-beam-exposure apparatus for projecting a 
mask pattern onto a photosensitive substrate, comprising: 

(a) an electron gun that produces an electron beam; 

(b) an electron-beam-zoom-illumination system situated 
so as to illuminate the electron beam emitted from the 
electron gun onto a mask defining the mask pattern; 

(c) a mask stage for supporting the mask; 

(d) a deflector 

(e) an emitted-electron detector situated so as to detect 
60 electrons from the electron beam that are emitted from 

the mask; and 

(f) a contamination-inspection-data analyzer connected to 
the emitted-electron detector for comparing data 
received from the electron detector to stored data 

65 concerning the topography of the mask to detenmine if 
contamination is present at any of various locations 
within the region; 
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(g) wherein Ihe eleclron gun is used for detecting con- the electron-beam -zoom-illumination system reduces the 

tamination and for projecting the mask pattern onto the diameter of the electron beam to no more than one-quarter 

photosensitive substrate. of a width of the mask pattern. 

22. The electron-beam-exposure apparatus of claim 21, 31. An electron-beam-cxposure apparatus for projecting a 
further comprising a laser connected to and responsive to the 5 mask pattern onto a sensitized substrate, comprising: 
comamination-in^ection-data analyzer the laser direcUng a ^^^^ aiuminating an electron beam onto a mask 
pulse of laser hght at a location at which contammation was j r * T * u *u i 

\ , J u fu . ■ *• • *■ A . 1 and for scannmg the electron-beam over the mask; 

determined by the contamination-mspection-data analyzer. * 

23. The electron-beam-exposure apparatus of claim 21, 0^) ^^^^^ for detecting contamination by sensing elec- 
further comprising a tank for storing a reactive gas, a lo trons of the electron-beam emitted from the mask at a 
discharge tube coupled to the tank, a valve connected to the point of contamination on the mask; and 
discharge tube for controlling release of the gas from the (c) wherein the means for illuminating used for detecting 
tank, and a controller connected to the valve, wherein the contamination arc the same means for projecting a 
controller opens and closes the valve in response to the mask pattern onto a sensitized substrate, 
contamination-inspection-data analyzer for applying the gas 15 32. The electron-beam-exposure apparatus of claim 31 
to a location on the mask so as to remove contamination f^^ther including means for cleaning the mask only at the 
from the location on the mask as detected by the point of contamination. 

contamination-inspection-data analyzer. , , , 33. The electron-beam-exposure apparatus of claim 32 

24. The electron-beam-exposure apparatus of clami 21 ^^^^^^ .^^^^^^ ^^^^ ^^^^^^^ ^^^^ 

further comprising a cleaning system for cleaning the mask 20 j u * * 

' , c . ' the sensitized substrate, 

at a pomt of contamination. -^^ th. 1 . l ^ ^ 1 • 11 

25 The electron-beam-exposure apparatus of claim 24, , ^t' 1 ^^l^^^^^'beam-exposure apparatus of claim 33 

further comprising a vacuum chamber in which projection- including a vacuum chamber, wherem the means for 

exposure of the sensitive substrate is performed, wherein the illuminating, means for scanning, means for detecting, 

electron-beam-zoom-illuaiination system, the deflector, and 25 "^^ans for cleaning, and means for projectmg are all situated 

the cleaning system are housed in the vacuum chamber. within the vacuum chamber. 

26. The electron-beam-exposure apparatus of claim 21, 35. The electron-beam-exposure apparatus of claim 1. 
further comprising a cleaning system connected to and further including at least one lens situated between the 
responsive to the contamination-inspection-data analyzer, electron-beam-generation device and the mask, wherein the 
wherein the cleaning system cleans the mask only at points 30 at least one lens is used for both detecting contamination and 
of detected contamination. projecting the mask pattern onto the sensitized substrate. 

27. The electron-beam-exposure apparatus of claim 26, 36, The method of claim 14, further including at least one 
wherein the cleaning system comprises a pulse laser situated lens situated between the electron-beara-generation device 
so as to controllably direct a pulse of laser light at the points and the mask, wherein the at least one lens is used for both 
of contamination. 35 detecting contamination and projecting the mask pattern 

28. The electron-beam-exposure apparatus of claim 26, onto the sensitized substrate. 

wherein the cleaning system comprises a conduit and a valve 37. The electron-beam-exposure apparatus of claim 21, 

connectable to a supply of reactive gas, the conduit being further including at least one lens situated between the 

situated so as to controllably direct an amount of the reactive electron-beam-generation device and the mask, wherein the 

gas from the supply to the points of contamination. 40 at least one lens is used for both detecting contamination and 

29. The electron-beam -exposure apparatus of claim 21, projecting the mask pattern onto the sensitized substrate, 
wherein the electron-beam-zoom-illumination system com- 38. The electron-beam-exposure apparatus of claim 31, 
prises multiple lenses aligned in series through which the further including at least one lens situated between the 
electron beam passes, and a diaphragm defining at least one electron-beam-generation device and the mask, wherein the 
aperture sized for regulating the intensity of the electron 45 at least one lens is used for both detecting contamination and 
beam passing through the aperture. projecting the mask pattern onto the sensitized substrate. 

30. The electron-beam-exposure apparatus of claim 29, 

wherein the electron beam has a predetermined diameter and ***** 
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